Diurnal and seasonal fluctuations were detected in luteinizing hormone (LH) interpulse interval, but not amplitude, in ewes examined during the mid-luteal phase of an oestrous cycle at five stages of the breeding season. Daytime and night-time LH interpulse intervals were greater in the early and late than in the mid-breeding season (P < 0.05). During the early and late breeding season, LH interpulse interval was less during daylight than during darkness (P < 0.05). Toward the mid-breeding season, interpulse interval decreased during daytime earlier in the season than the night-time decrease. It was concluded that the diurnal fluctuations observed are a component of a circannual rhythm in LH secretion resulting from gradual seasonal transitions in photoperiodic drive to, or an endogenous rhythm in, the hypothalamic\p=n-\pituitary axis in ewes.
Introduction
Diurnal profiles of gonadotrophin secretion in ewes do not appear to have been extensively examined. There is evidence for diurnal rhythms in luteinizing hormone (LH) secretion in ewes (Walton et al, 1980; Rhind et al, 1990) and rams (Lincoln and Peet, 1977; Lincoln et al, 1977; Ortavant et al, 1982) . However, no evidence of diurnal fluctuations in episodic LH or folliclestimulating hormone (FSH) secretion was observed using a 12 min sampling interval in ewes in the mid-luteal phase of an oestrous cycle or ovariectomized ewes during mid-breeding season (Currie and Rawlings, 1989 ). In addition, there was no evidence of diurnal fluctuations in LH or FSH secretion using an hourly sampling interval in ewes during the follicular phase of an oestrous cycle (Currie et al, 1991) . There is stronger evidence of diurnal rhythms in gonadotrophin secretion for primates (Soules et al, 1985; Filicori et al, 1986; Ji et al, 1989) . In contrast to the lack of clarity on the existence of diurnal rhythms in LH secretion in ewes, clear circannual rhythms exist (Karsch et al, 1984) .
Marked changes in LH secretion occur at the onset and cessation of the breeding season in ewes (Karsch et al, 1984) and a more subtle circannual rhythm may occur (Joseph et al, 1992) . The purpose of this study was to examine 24 h circulating LH profiles in ewes during the mid-luteal phase of oestrous cycles at five stages of the breeding season for diurnal and seasonal fluctuations.
Materials and Methods

Animals
Six Columbia ewes were kept in a paddock and fed pelleted lucerne (1.2 kg per ewe per day; fed between 09:00 and 10:00 h), with hay, mineralized salt and water freely available. Oestrus was synchronized at the approximate onset of the breeding season for this breed by a 12-day treatment with medroxyprogesteroneacetate-releasing intravaginal sponges (Veramix, Tuco, Orangeville, ON). In a previous study, 80% of a flock of Columbia ewes were cycling by early September and 80% were anoestrous by mid-February (Jeffcoate et al, 1984) . A markerharnessed, vasectomized ram was housed with the ewes for oestrus detection. Day 0 of the oestrous cycle was considered the day by which at least four of six ewes displayed oestrus. Onset of oestrus remained synchronized in these ewes to within 2 days all season, over eight oestrous cycles.
Experiment
On day 8 of the synchronized oestrous cycle, the ewes and ram were confined to a 3 m x 3 m roofed, but open-fronted, wooden shelter within the paddock the ewes were kept in; the animals normally had free access to this shelter. The ewes were provided with food and water as in the larger paddock. In addition, on day 8 of the synchronized cycle, the ewes were catheterized in both jugular veins with vinyl tube (i.d. 1.00 mm, o.d. 1.50 mm, SV-70, Durai Plastics and Engineering, Durai, NSW). Beginning at 12:00 h on day 9, blood samples (3 ml) were collected via catheters at intervals of 10 min for 24 h.
Blood samples were collected, as above, beginning at 12:00 h on day 9 of every second subsequent oestrous cycle. At night, moonlight was sufficient to sample blood of ewes, but a red light was used for sample handling. Blood was allowed to clot for 1 h at 21°C and for a further 4 h at 4°C Clots were removed and serum was centrifuged at 1570 g for 15 min, harvested and stored at -20°C until analysed. Catheters were removed at the conclusion of each observation period and replaced 1 day prior to each subsequent observation period. Ewes were allowed access to the larger paddock area after the 24 h of blood sampling. 
Luteinizing hormone assay
Serum LH concentrations were determined by radioimmuno¬ assay (Currie and Rawlings, 1989) and expressed in terms of NIDDK-oLH. Assay sensitivity was 0.1 ng LH ml-1 serum (lowest standard different from zero by unpaired t test, < 0.05).
Intra-and interassay coefficients of variation were 4.6 and 6.9%, respectively (mean = 2.4 ng ml-1 serum), 6.0 and 8.9% (mean = l.óngml-1 serum) and 6.6 and 11% (mean = 0.5 ng ml-1 serum).
Data analysis
Circulating LH profiles were analysed for mean and basal LH concentration and LH interpulse interval and pulse amplitude (Currie and Rawlings, 1989) with Pulsar (Merriam and Wächter, 1982) modified for interactive use with IBM-compatible micro¬ computers (J. F. Gitzen and V. D. Ramirez, University of Illinois).
Standard deviation criteria and the interpolating function for the assay standard curve were taken from large blocks of LH data and ovine LH assays, respectively, from our previous work. Com¬ parison of LH parameters between observation periods and daylight versus darkness was by two-way analysis of variance for repeated measures and Newman-Keuls multiple comparisons (True Epistat, 3rd edn, Epistat Services, Richardson, TX).
Results
During the observation periods used across the breeding season, 45% of LH pulses occurred during daylight. When weighted for proportionate daily differences between hours of daylight and darkness, 59% of LH pulses occurred during daylight. Analysis of variance revealed a significant effect of observation period and daylight versus darkness on LH interpulse interval (P < 0.05), but not on LH pulse amplitude (P > 0.05). The interaction of main effects was also significant for LH interpulse interval. Basal and mean serum LH concentrations consistently approximated to the sensitivity of the LH assay. Daytime and night-time LH interpulse intervals were greater in the early and late than in the mid-breeding season (P < 0.05, Fig. 1 ). LH interpulse interval was less during daylight than during dark¬ ness during the second (31 October) and final (13 February) observation periods (Fig. 1 , < 0.05), but did not differ during the first observation period (26 September) or during obser¬ vation periods in the mid-breeding season (6 December, 10 January; > 0.05). LH interpulse interval decreased earlier in the breeding season during daylight than during darkness (6 December versus 31 October). There was an apparent period of reduced episodic LH secretion at about sunrise in three ewes during the last observation period (13 February, Fig. 2 ). Other¬ wise, LH pulses were fairly regularly distributed during daylight and during darkness. The mean oestrous cycle length for the period from the first oestrus following synchronization until the oestrus just prior to the last period tested was 17.5 + 0.4 days.
D iscussion
The results of the present work suggested that, on day 9/10 of the oestrous cycle, during the early and late breeding season in amplitude during daylight ( ), darkness ( ) and the entire day (S3) for ewes blood sampled for 24 h between days 9 and 10 of the oestrous cycle at five times during the breeding season. Values are means + SEM. Times beneath dates are daylengths (sunrise to sunset). The letter superscripts show significant differences (P < 0.05) between dates but within daylight (D), darkness ( ) or the entire day (S3). Asterisks show differences between darkness and daylight (P < 0.05).
ewes, LH interpulse interval was less during daylight than in darkness. This seasonal pattern in diurnal variation of LH inter¬ pulse interval may explain why in previous studies we failed to see a diurnal rhythm in LH secretion in ovariectomized or intact ewes in the luteal phase of an oestrous cycle (Currie and Rawlings, 1989; Currie et al, 1991) . The latter studies were done close to the mid-breeding season. In anoestrous ewes, LH interpulse interval appeared to be reduced shortly after dawn (Walton et al, 1980) , and, in intact cyclic ewes on day 10 of an oestrous cycle, mean circulating concentrations of LH were higher during the day than at night (Rhind et al, 1990) . In the study of Rhind et al (1990) , the increased LH concentrations during daytime were probably due to a reduced LH interpulse interval.
Similar studies in rams have produced more equivocal results. Some studies suggested that LH concentrations were low during daylight, particularly early in the day and highest during darkness (Lincoln and Peet, 1977; Lincoln et al, 1977) , whereas the results of other work showed the reverse: increased LH secretion 3-9 h after dawn (Ortavant et al, 1982) .
Evidence exists for diurnal rhythms in gonadotrophin secretion in primates. Diurnal D), but not in the other three ewes studies (b: D).
interval in the early to mid-follicular phase of the menstrual cycle (Soules et al, 1985; Filicori et al, 1986) . In contrast, night¬ time LH interpulse interval may be reduced during the luteal, but not the follicular, phase of the menstrual cycle in macaque monkeys (Ji et al, 1989) . Diurnal rhythms in LH secretion have been related to activity cycles in rams (Lincoln and Peet, 1977) , with suppression of LH secretion during daytime activity. The converse in our ewes, greater LH secretion in daytime, would suggest that increased central nervous system activity during waking hours and times of increased central nervous system activity associated with feeding and other activity resulted in reduced LH interpulse intervals. We do not think the diurnal rhythms observed were artificial, as we maintained daily husbandry patterns, merely confining the ewes to a smaller area of their paddock for the purpose of blood collection. The differences in LH secretion observed between night and day could reflect a true diurnal rhythm, as a result of changes in other hormonal or neurotransmitter systems. For example, increased night-time LH interpulse interval in women in the early to mid-follicular phase of the menstrual cycle (Soules et al, 1985; Filicori et al, 1986) and in macaque monkeys during the follicular phase of the menstrual cycle may result from heightened opioid activity (Ji et al, 1989 ).
If the diurnal patterns in LH secretion seen in our work were cued by photoperiod, the mechanism is unclear. Photoperiod is the primary cue regulating seasonal fluctuation in tonic secretion of the hypothalamic-pituitary-ovarian axis (Karsch, 1987) and nightly melatonin secretion is the primary transduction mechan¬ ism for photoperiodic influences on this axis (Karsch et al, 1984) . Long nights of melatonin exposure enhance LH secretion over periods of weeks (Karsch, 1987) . Melatonin, therefore, is unlikely to be a cause of the longer LH pulse intervals seen at night in our present study.
In this study, LH interpulse interval during the mid-luteal phase of the oestrous cycle was greatest near the beginning and end of the breeding season. Toward the mid-breeding season, LH interpulse interval decreased during daytime earlier in the season than the night-time decrease. Thus, the diurnal trends appeared to be a component of a larger seasonal trend in LH secretion. A subtle change in LH secretion during the breeding season has been seen in some (Joseph et al, 1992) , but not all, studies (Robinson et al, 1985) . The lack of synchrony of changes in LH interpulse interval between day and night over the breeding season in our work could reflect diurnal patterns in neurotransmitter influences on LH secretion as discussed for pri¬ mates earlier (Soules et al, 1985; Filicori et al, 1986; Ji et al, 1989 ).
Optimum fertility in ewes is achieved at mid-breeding season (Ortavant et al, 1988) . This fits the shifts in LH interpulse inter¬ val seen in our study, where interpulse interval was not only shortest at mid-breeding season, but similar for night and day. The subtle change in LH secretion during the breeding season may reflect a steroid independent or dependent regulatory mechanism (Joseph et al, 1992) . The changes in LH interpulse interval seen over the breeding season in our work appeared to mirror changes in daily photoperiod. However, this has to be tempered by the knowledge that photoperiod changes influence reproductive events with a lag phase of many weeks (Rawlings, 1987) . Perhaps the seasonal and diurnal patterns we observed in LH interpulse interval reflect endogenous rhythms in ewes (Karsch, 1987; Joseph et al, 1992) .
Diurnal trends in LH secretion in ewes in the mid-luteal phase of the oestrous cycle show subtle shifts across the breeding season. Circannual transitions in LH secretion in sheep would appear to include these shifts across the breeding season as well as more abrupt changes in and out of anoestrus (Joseph et al, 1992) . Gradual seasonal transitions in gonadotrophin secretion have been observed in Père David's deer hind (Curlewis el al, 1991) . Evidence obtained here suggested that the diurnal trends in LH secretion are a subtle component of a larger circannual trend in LH secretion and the seasonality of reproduction or, more specifically, of fertility within the breeding season.
